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SUMMARY

Micro SAINT is 2 computer based simulation environment tailored o exercising models
of human operators performing job activities. Models of human activity systems can be
defined and exercised to determine the impact of various job design parameters on
system performance. In this worked example, the activities of a ship’s crew and the
alrcrew of an anti-submarine warfare helicopter are modelled during the period of
preparation for a sortie.  This model was uwsed to gain expenience with the
Micro SAINT package and to explore some of the features of the package.
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| /& introduction
~

A grear deal of intevest be aviation humnsn factors & concered with the cogaitive, sensory and
physical worblond experenced by aircrew. This interest is pantly duc 1o recent changes in
arcraft systems and cockpit display technology in which single puspose instraments are
et replaced by maltifunction and dedicated electronic displays that present integrated and
{supposedly) sinplified graphical information (Mart, 1988). With the rapid expansion of
atrcraft system capability due to advanced technologies, it is important that sircrew can fully
utilize the functions provided. Inability to do so because of excessive workload demands will
Linit the operational perfopmance of the aireraft, |

The most Frequently used methiods of investigating operator workload are based on empirical
studies and therefore depend on the availability of human operators and a completed system,
or at leust a prototype of the system (Hills et al,, 1987). On the other hand, analytic methods
ase used to predict workioad at an earlier stage of system design without requiting operators
of systems. SAINT (Systems Analysis of an Integrated Network of Tasks), an example of an
analytic technique, is a workload simulation computer program which atiempis 1o predict
human perfonnance using a task network modelling framework. Operaior or svstemn
performance is represented in a task network by atinibutes of tasks such as the mean,
standard deviation and shape of the distribution of task completion times. Relationships
between tasks are represented by branching and looping logic that determines the sequence of
tasks in the network. The probabilistic nature of the branching logic and the variable
comnletion times of individual tasks means that repeated execution of the model will penerate
many different paths through the network and consequently a range of completion times for
the whole network. Exercising the model can therefore indicate how a system with a human
operator might perform.

o
SAINT was developed at the Anustrong  Aerospace Medical Research Laboratory of the
USAF for use in homan factors studies with P-GERT networks and Siegal and Wolf
man-machine models (Chabb, 1981). SAINT is run on 4 mainframe computer and reyuires
some Familiarity with Fortran programming {Laughery and Drews, 1985). Micro SAINT was
developed for 1BM personal computers in order to overcome some of the cumbersome
language problems encountered with SAINT. The personal computer version incorporates a
more easily leanst interface bt there is some lods of flexibility and power comparted with the
mainframe version. Micro SAINT has an intethctive user environment for specifying and
developing task network models and thereforg permits development of task networks in 2
relatively straightforward manner. ; s

Yoy €

The initial use of the Micro SAINT modelling environment was to predict the time aircrew
take to complete sequences of tasks in the Royat Australian Navy's Seahawk helicopter. The
Seahawk helicopter is due to come into service in 1990 but will initially go through an
operational test and evaluation (OT & E) assessment. The predictions of the model will be
compared with performance of aircrew during the OT & E phase. If the meodel can be
validated then it will become s powerful toal for assessing changes in aircrew workload
when additional weapon and sensor systems are proposed.

The first stage of the model building process is task analysis in which a particular job is
described in terms of its constifuent elements. For demonstration purposes we have used an
analysis performed by tbe Naval Work Study Team who iterviewed Fleet Air Arm
pavsomne] with experience of S-2 Tracker operations (the S-2 Tracker and the Seahawk have
many functional characteristics in corunon). The interviewers examined the procedures that
might be followed by the ciew of a Seahawk helicopter in preparing for an anti-submarine
warfare (ASW) sortie flown from a ship. This task analysis ideatified the tasks that each
member of the crew would perform, the estimated time 1o complete each task and whether
aircrew would interact with another crew member to achieve a particular task goal. From this
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information a network disgram was developad. The nerwork diagram “Testseahawk” in
Figure ° gives an overview of (he tasks performed by each member of the wirorew axwd ship's
persoupd.

This paper describes die requirements for constructing a network and generating valid resulis
from & sk network simolation.

2. Building a Task Network Rodel

There ate two aspects o building & task petwork: firstly designing the network, and
secondly, entering the network details *nte the Micro SAINT application (Laughery, 1983).
The task analysis process iz used to identify al} the tasks 10 be performed by the ¢perators,
the order iy which they are pesformed and any interactions between tasks.,

In the Micro SAINT application a network represents the compilation of all tasks performed
and includes their order and any interactions between tasks, whereas a task is a description of
an event o activity. Networks and tasks can represent the activity of a machine or syster, or
the activities of a human operator. Within the Micre SAINT network stiucture each task is
represented by a node. Each node consists of attributes such as identification number, name,
time 10 complete, the names of following tasks and any user defined relationships to descrite
the effect of task completion on the sysiem.

The operator interface to Micro SAINT is a series of menes and all stages of the program
appear in the main menu. The interactive simulation environment is presented in four discrete
sub-programs: model developmernt, model execution, analysis of results and utilities.

The model development sub-program allows the model developer to enter details of all
tasks and the conditions under which the model is required 1o operate. The modify task menu
is used to enter information such as fask number, name, mean completion time and standard
deviation, any {ollowing vask{s) and :ny user defined relarionships. The user defined
relationship attributes include the fime distribuiion type and task release conditions. The dme
distriburion type specifies the characreristics of the statistical distribution as either normal,
exponemntial, gammea or rectangular and also the distribution’s mean and standard deviation.
The task release condition fields specifies the conditions under which a tusk will be ‘released’
(release in Micro SAINT terminology is a condition that allows g task in the network to start).
The decision type ficld specifies ihe Following task{s) or network(s) and their relative
probabilities of occurrence. The five decision type alternatives are:

{a} last task, meaning no more tasks or networks will execute as a result of the
completion of this task

(b} single choice, where there is only one possible followihig task or network

(c) probabilistic, where one of several altemative tasks ot networks will follow. The
probability of each task occurring is determined by a probability expression

(d) tactical, where one of several altemative tasks or networks will follow. The
possible occurrence of each task is determined by an expression consisting of
numeric constants, variables and mathematical or logical operators which
calculates to a single value. The expression that calculates to the highest value
indicates the next task or network to execute

{e) multiple, where there are several simultaneous tasks or networks to follow,

There are other features of model development which permit manipulation of the network to
satisfy the modelling problem. The job quene field facility specifies which job executes next
when there are multiple jobs travelling through a network.  This racility creates a job queue
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and tasks wiit to be releaved drough the setvrork st other jobs have besn completed. The
vayiable caiafag (sic) is a table whete off the varlubles relevant to the mindelling problens are
specified. Vadalles con represent systems of control attributes. There is alse a fucility fo
generate wrays if the same variable name is nsed to index an ordered set of vanables. The
function library penmits developiment of functions which may be needed severad times
duarisg & mudet. The comtinuons variable feature allows changes of varigbles in the modet at
regularly scheduled intervals and may penmdt modelling of factors such as fatigue or stress.
Thie stndasion scenario festure can be used to specify a change to a variable in e model &
specified clock tives. The snapshots facility extracte infonmation sbout soode! variables at
defined times during model execntion, Snapshots can be created af speeified times on the
clock, at particular job queues or at specified tasks.

Model execution 15 the part of the program that permits the model to ran. The display maode
meny has the foliowing five alternatives: reticent, medipm, verbose, event qucue and debug.
The debug mode i nsed dunng the initial stages of model development and execution
Decause # provides the greatest amount of information about the model's structore and
indicates any errors that occwr during execntion of the model. Rercert may be used atter the
maodel has been debugged and i being run for dats eoflection. The other thyee modes provide
different amoussts of information which may be useful if e effect of varipus variables, job
quenes or simlation scenarios Is required. The mode! execution menu has a facility to um
the snapshots o execution trace on or off depending on whether the model is executed to
collect data or not. A different random number seed is generated by Micro SAINT for each
execution of the model and is used to calculate task completion times and probabilistic paths
through the network. When standard deviation equals zero, the model and a8 individual
tasks execute for their average thne compared to their various execution times if the standard
deviations of task completion times are noa-zero. The variables to display option permits the
values of the selected variables to be displayed on the screen during model execution. The
values of variables can be reset by entering expressions i the manipidate variables ficld. The
number of times to execuie defines how many times the model Bterates. Siegal and Wolf
{1969) suggested that between 100 and 200 nuns of a2 model will gensrate stable results.

The analysis of results section of the progrem displays the tesuits from any model
execution. After each iteration of the model, data are stored I four differenst resudts files. The
error files (BRR) stores the list of ervor messages of the most recent execution of the model
Snapshot resalts fites { SSR) stores the values of variables collected from saaprhots. The
travel tine files {TTM) stores all the nin times, The execution trace (TRC) stores the
value of the system clock at the beginning and the end of each executed task. One of the

options in the execarion trace is a titne line graph which shows the duration of different
tasks.

The utilities sub-program copies, deletes ot merges the model file(s). It also has 2 facility to
mport data from an ASCH file.

Additional information about Micro SAINT is contained in the Micro SAINT User's Guide
{Archer, Drews, Laughety and Dahl, 1987).

3. The Seahawk Models

The aim of the present simulation was to assess the workload of all seven members of the
helicopter and shipboard crew in preparing a Seahawk helicoptes for an ASW sortie. Figure |
shows the model "Testseahawk” i which the jobs of each of the seven crew members are
grouped under different sub-networks which are in rom all grouped under network § which
is the network representing the closed system of preparing for e sortie.

. K..,-nm*f@""" -
L e 7

o - ot

o
o




The seven sub-norworks gre:

{2) FDMT ¢ fiight deck maintenance tasey - non-aHorew)
(b} Pilot (alrcrew)

{¢) Senso (Sensor Opergor - sirrew)

{d} Tacco (mcticad cpordinator - aftorew)

{) PWO { principal warfare officer - ship's cew)

{fy ABAT (ami-submarine sirrall controtler - ship's crew)
(g} OUOW { offier of the wateh - ship’s crew).

The sub-network for cach member of the team consists of af! the jobs they pesfonn. For
example the PWO's jobs include :

(1) mad OPGENS (operational planming documents)
{2} read the Rying brief desails

{3} prepare the flying brief

{4} attend the briefing.

These jbs are represented in a network diagram in Figire 2.

Netwoit read liaise with ‘ prepare attend
pwo 1 opgens o taceo <) fachics § rieling 1
10,3.75 10,125 15,2.5 77,0

Figors 2. Network disgram for the PWO. The mumber at the sight of cach node
identifies a specilic netwoik (rectangle) or task (rounded-comer reciangle). The tile of
the task or vetwurk i dispiayed int the upper ball of each node aud the mean and
Sandad de viation (min) of task completion s are displayed in the lower half.

During the task analysis stage of mode! development it was realized that completion of some
tasks required the presence of two crew metnbers. Therefore those tasks common o two
peopie had to occur simultancously in the relevant sub-networks. This was accomplished by
<reating variables in the variable catalog which were then used in the refease condition and
task ending effecy of panticular tasks.

For example, task F4 and task 89 in Figure | are the tasks in which the FOMT and the Senso
tiaise with ong another. For this 10 occeur in the model, F3 and 38 each had w their rask
ending ¢ffect a variabie which changed from U to | at the completion of the task. Tasks F4
and 59 had a relegse condition which required both the variables in the eading effect of F3

and 58 to equal 1. Tasks P4 and 59 will then be released simultaneously after the completion
of F3 and S8.

it was also apparent during the task analysis stage of model development that the number of
Jjobs perforined by each person in the network was not uniformn and that some individual
crew members had a greater influence on the amount of titne taken to complete the whele
network compared to other crew members. This also meant that some of the crew
encountered periods of time unallocated to any task in the network. However, in a real
system, this ime may be allocated to other activities not identified in the initial task analysis.
The onallocated time between two specessive tasks was deiermined by variables which
flagged the end of one task and the beginning of the next task.
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For exmmpie, the FOMT cmn orenplers fhiedr first tove (a3 independenty of anyone else bu
their third task & 0 lalse with dw Sense. However the FDMT cannat perform this task wntil
the Senso has completed tasks $2 to 38, Therefore the FRMT has ungliocated tme beyweea
tasks F3 and F4. The variable fe reads the clock when task F3 had been completed, f reads
ihe dock once P4 had stared and fivee (unalfocated wime) was calculated from fo-f1.

The analiocated tines of each crow memiber were colfecied during model excoution and the
data stored in snapshut files. Snapshot files were alsp created to accornulate the tine esch
member was busy with assigned tasks.

After the network stractare has bean defined in model developmernt the model can be run
using mode! execution. The mode! was mitially run in the debug wmode severad tines 3o thay
evrors conld be easily identificd and rectified. The model was then run to collect data wd for
the purposes of the present study it was exccuted HM tines with a different seed on each
Beration. & randoin number generdor i Micro SAINT & used o provide the seed.

4. Resuolis

The imatlocuted ond busy tme results from the model "Testsealhawk” indicated that the pifot,
FOMT and PWO experienced the longest unallocated times, probably because all the
netwarks started at the same time, However, a a real system, it is unbikely that al] crew
members will start their jobs at the same time. A second roodel was therefore developed
which mcerporated the tasks performed by the pilot, FOMT ard PWO at times which would
be expected to reduce their total unaliocated thme. Figure 3 is a network diagram of the new
model called "Tactical” and shows the staggered start times of the pilat, FOMT and PWO. It
shoutd be noted that the changes incorporated in the new model reflect only one possible
sohution to the problem of reducing the unallocated time in the mnodel and are presented here
only to devunstrate the Hexibility available in network modefling with Micro SAINT.

Figures 4 and 3 show the unallocated times from the tweo awdels and Figures 6 and 7 show
the busy times for cach mudel. The modifications incorporated in the "Tactical” mode]
reduced the average unaffocated time of the FDMT, pilot and PWO by 454 mmn, 26.0 min
ard 24.0 miin respectively. Bach average enallocated time of the Senso, Tacce and ASAC
mereased by only 3 min. These increased times were due to waiting periods for other tasks o
be completed m the network by the crew members who started later,

A stepwise regression of clock time as 3 feaction of the mean unallocated times of each crew
member was conducted separately I each model. The resuliamt equation for the
"Testseahawk”™ maodel inciuded terms for the unallocated times of the FDMT, Pilot, Tacco,
Senso and PWO. The equation explaine: 92.0% of the variance of clock time and the
ANQVA for the model was significant, £(35,99)=228.72, p<0.01. The equation for the
"Tactical” model data included the abov = terins except for FOMT and Pilot, and accounted for
T2.0% of clock e variance, F(4.99)= 62.2. p<.01.

Figures 6 and 7 show that the modification.: i zorporated in tie second modet did not have an
cffect on busy times for any crew meniver This s an expected result because the number of
tasks and their average comgpletion times vere e same for cach model.

Average clock times for the two modely i Figures 6 a7 are approximately equud. This is
probably because the busy times of the Tacco and the Senso had the greatest effect on total
system time in both cases, as is evident fiom the high correlations of .79 between clock time
amd Tacco busy time in the "Testseahawk”™ model (Table 1) and (.80 for the "Tactical” model
{Table 2). The next highest conelations between clock time and busy time are for the Senso.
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Figw 4. Means wad stgndard deviations of noallocaied? times for meodel " Testzenbawk”
Clogk tiwe is the mean davation of the whole neiwverk.
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Figure 5. Means and siandad deviations of onafiocaied times for moded “Tactcal™
Clock tse is the mean duration of the whobe meiwork.
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Figure & Mean busy times and standard deviations for model "Testseabhawk™. Clock
time is the mecan duration of the whole network.
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Figu. 7 Mean busy times and standard deviations for model "Tactical” Clock time is :
the mean duration of the whole prtwork.
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Table 1: Pearson corrclation coeflicients between clock time and busy times of the seven

crew membesy in the model "Testseatawk”,

CLOCK  ®DMT PR.OT SEMSO TACCO  PWO ASAL
FDMT -05.164
PILOT -0.28 0.123
SENSO 0.333 -0.029 -0.116
TACCO 0,794 -0.154 -0.315 0.056
PWO 0.01 -0.072 0.065 -0.185 -0.004
ASAT -0.154 -0.01 0107 0.155 -0.136 -0.065
COwW -0.155 1122 0.15 -0.058 -0.126 0.013 -0.03

Table 2. Pearsen cornzlations between clock time and busy times of ihe seven crew
members in the model "Tacdcal”.

CLOCK FDI;iT PILOT SENSQ  TACCO PWO ASAC

FDMT 0.026

PILOT 0,004 -0.044

SENSO 0.338 0.049 -0.009

TACCO 0.801 0.006 -0.087 0.033

PWO 0.266 -0.113 6.001 -0.091 334

ASAC -0.102 0.008 0.063 -0.02 -0.171 -0.098

oowW 127 -0.132 0.2 -0.032 -0.138 0.074 -0.063

5. Discussion

The Micro SAINT program has certain Himitations which may affect the execution of large
network models. Afthough a network may comprise up to 400 jobs (either sub-networks or
tasks) the job which executes first in the network must be specified. For example, the seven
sub-networks in the "Testseahawk” model could not begin simultaneously at the swait of the
network., Instead, the upper network 0 contained a task star? which bad a mean duration of
zero and standard deviation of zero. Its following tasks statement was assigned multiple so
that more than one task or network could begin simultaneously afier start’s execution. Zero
duration tasks in the network can be also used as a ‘trigger’ for the snapshot files to collect
data. (See task end in Figures | and 3)

Another restriction of Micro SAINT is the limit of seven following tasks that can be entered
into the modify task menu. This can be a problem in large networks where there are many
alternative paths through the model.

At this stage the models Testseahawk amxd Tactical have no implications for actual operations
as there was insufficient detailed data to derive a comprehensive task network. The exercise
reported in this paper was to gain knowledge of the rask description requirements and
operation of the Micro SAINT application. It is planned that Micro SAINT will be used to
model other phases of an ASW scenario when data on task completion times have been
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collected. These duta can be collected either in an operational vehicle or a simulator and will
be used to develop 2 model of aircrew tasks of to validate a model constructed at an earlier
stage of system development. Micro SAINT can also be used to predict the effects of
modified Fardware, software and operator tusk procedures on total system performance.

6. Conclusion

Micro SAINT is an important analytic tool that demonstrates how job and task design
variables affect system perfonnance. The simulation technique provides a method for
analyzing operator workioad and can indicate the effect of operator performance on system
capability. Micro SAINT is a uscful design and research tool tor demonstrating and
investigating the impact of possible modifications of atrcrew-gystem interfaces.
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